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TITLE OF THE INVENTION 

PHOTOMASK, FABRICATION METHOD OF PHOTOMASK, AND 
FABRICATION METHOD OF SEMICONDUCTOR INTEGRATED CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a photomask to be used 
in a fabrication process of semiconductor integrated circuits 
such as liquid crystal displays, a fabrication method of the 
photomasks, and a fabrication method for semiconductor 
integrated circuits. 

2. Description of the Related Art 

A projection exposure apparatus exposures circuit 
patterns such as semiconductor circuit elements printed on a 
photomask to a wafer. In addition, it is required for the 
projection exposure apparatus to have functions of a higher 
resolution and a fine-pattern reprinted. 

In general, when a numerical aperture NA is greater and 
the wavelength of exposing light is shorter, the resolution of 
the projection exposure apparatus can be increased. Because the 
depth of focus becomes small during a pattern printing process 
when the numerical aperture NA of the projection exposure 
apparatus is increased, it is limited to increase the numerical 
aperture NA. Further, when the wavelength of exposure light is 
changed to smaller wavelength, it must be required to greatly 
change the pattern printing process. 

In the prior art, an improved method to improve an image 
formation of a photomask has been disclosed. In this improved 
method, a phase shifter to be used for reversing a phase is formed 



in a part of a photomask where an exposure light is passed, and 
a phase of the exposure light is controlled in addition to the 
control of an amplitude of the exposure light. 

For example, there are conventional methods about the 
phase shifter described in following patent documents: JP- 
A-57/62052, JP-A-58/173744 , JP-A-62/67514 , JP-A-62/67547 , 
JP-A-63/304257, and JP-A-3/263045 • 

FIG.IA to FIG. IF are diagrams showing a conventional 
fabrication method of a photomask. In FIG.lA to FIG. IF, the 
reference number 220 designates a transparent substrate such 
as a transparent glass substrate, 222 denotes a shade film, and 
224 indicates a resist film. When the fabrication process for 
the photomask is completed, shade patterns 111 are formed on 
the transparent glass substrate 220 at desired intervals shown 
in FIG. IF. 

FIG.2A to FIG.2F are diagrams showing a conventional 
fabrication method of a photomask of a low reflection type. In 
FIG.2A to FIG.2F, the reference numbers 231 and 232 designates 
reflection preventing film formed under and on the shade film 
222 . When the fabrication process for the photomask is completed, 
the shade patterns 111 are formed at desired intervals on the 
transparent glass substrate 220 shown in FIG.2F. In this 
configuration, the reflection preventing films 231 and 232 are 
formed under and on each shade pattern 111. 

FIG.3A to FIG. 3D are diagrams showing a conventional 
fabrication method of a phase shift photomask. In FIG.3A to 
FIG. 3D, the reference numbers 226 designates phase shift 
sections, and 225 denotes a hollow section (or a cavity 
section) . 

In the final fabrication process to fabricate a 



conventional phase shift photomask, as shown in FIG. 3D, the 
shade patterns 111 are formed adjacent to the hollow section 
225 formed on the transparent glass substrate 220. Further, the 
phase shift section 226 are formed adjacent to each shade 
pattern 111. 

As described above, a complicated topography or shape is 
formed on the photomask fabricated by the conventional 
photomask fabrication methods such as the method to form the 
shade patterns on the photomask at desired intervals shown in 
FIG.IA to FIG. IF and FIG.2A to FIG.2F, and the method to form 
the phase shift pattern on the photomask at desired intervals 
shown in FIG.3A to FIG. 3D. 

Thus , because each conventional photomask fabricated by 
the conventional methods has a complicated topography, it 
happens that the shade film is fallen or separated from the 
transparent glass substrate by a brush to be used during a 
washing process to eliminate dusts. In other words, the 
conventional photomask has a lower durability during the 
photomask fabrication process. This drawback of the 
conventional photomask causes to decrease a reliability of the 
photomask and to decrease the yield and quality of semiconductor 
integrated circuits manufactured by using the conventional 
photomask . 



SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is, with 
due consideration to the drawbacks of the conventional 
technique, to provide photomasks, fabrication methods of the 
photomasks, and a semiconductor fabrication method of 
semiconductor integrated circuits such as liquid crystal 



displays. The photomasks of the present invention have a high 
mechanical durability during a fabrication process to fabricate 
the photomask, and has characteristics of a high image formation, 
a high quality, a high printing precision, and a higher yield 
in the fabrication process. 

In accordance with a preferred embodiment of the present 
invention, a photomask comprises a transparent substrate, a 
hollow section formed on a surface of said transparent substrate, 
a shade pattern including a shade section, said shade section 
made up of a shade film and formed in said hollow section, and 
reflection preventing sections, each formed according to one 
of cases: each reflection preventing section formed on said 
shade section; each reflection preventing section formed under 
said shade section; and each reflection preventing section 
formed on and under said shade section. 

In accordance with another preferred embodiment of the 
present invention, a photomask comprises a transparent 
substrate, a shade pattern formed on said surface of said 
transparent substrate, and a phase shift pattern selectively 
formed on said shade pattern and said transparent substrate. 
In the photomask, a surface of said phase shift pattern is flat. 

In the photomask as another preferred embodiment, an end 
section of said phase shift pattern that is contacted to said 
transparent substrate has a sloped shape that is gradually thin. 

In the photomask as another preferred embodiment, a 
difference of a step between said phase shift pattern and said 
transparent substrate at said end section of said phase shift 
pattern that is contacted to said transparent substrate is 
gradually small. 



5 



In accordance with a preferred embodiment of the present 
invention, a photomask comprises a transparent substrate, a 
hollow section formed on a surface of said transparent substrate, 
a shade pattern made up of a shade film, said shade film formed 
5 in said hollow section, and a phase shift pattern, whose surface 
is flat, selectively formed on said transparent substrate 
having said shade pattern formed in said hollow section. 

In the photomask as another preferred embodiment, a 
thickness of an end section of said phase shift pattern 
10 contacted to said transparent substrate is gradually thin. 

In accordance with a preferred embodiment of the present 
invention, a photomask comprises a transparent substrate, a 
hollow section formed on a surface of said transparent substrate, 
a shade pattern made up of a shade film, said shade film formed 
15 in said hollow section, and a phase shift pattern formed on said 
transparent substrate including said shade pattern formed in 
said hollow section. 

In the photomask as another preferred embodiment, an end 
section of said phase shift pattern that is contacted to said 
20 transparent substrate has a sloped shape that is gradually thin. 

In the photomask as another preferred embodiment, said 
phase shift pattern includes one of or a combination of: a phase 
shift pattern of a Levenson's type, a phase shift pattern of 
an auxiliary shifter type; a phase shift pattern of an edge 
25 highlighting type; a phase shift pattern of a half tone type; 
a phase shift pattern of a half tone type with a shade pattern, 
a phase shift pattern of a shifter shading type with a shade 
pattern; and a phase shift pattern of an intermediate phase 
type. 

30 In accordance with a preferred embodiment of the present 
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invention, a photomask fabrication method comprises the steps 
of forming a resist film on a transparent substrate, forming 
a desired pattern on said resist film by developing said resist 
film after said resist film is selectively exposing by using 
5 a radiation ray, forming hollow sections in said transparent 
substrate by selectively etching said transparent substrate by 
using said resist film as a mask, eliminating said resist film 
from said transparent substrate, forming a first reflection 
preventing film in each of said hollow sections, forming a 

10 shade film on said first reflection preventing film formed in 
each of said hollow sections, forming a shade pattern by 
performing a chemical and mechanical polishing for said shade 
film, and forming a second reflection preventing film on said 
shade pattern. In the photomask fabrication method, said 

15 processes for forming said first reflection preventing process 
and said second reflection preventing process are performed 
selectively. 

In accordance with a preferred embodiment of the present 
invention, a photomask fabrication method comprises the steps 

20 of forming a shade pattern on a transparent substrate, coating 
a phase shift film on both said transparent substrate and said 
shade pattern, forming a phase shift pattern by selectively 
etching said phase shift film by using a radiation ray, and 
performing a chemical and mechanical polishing for a surface 

25 of said phase shift pattern in order to form said phase shift 
pattern having a desired thickness. 

In the photomask fabrication method as another preferred 
embodiment, after the step of forming said phase shift pattern, 
further comprises the steps of selectively etching said phase 

30 shift pattern by using said radiation ray, and performing said 
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chemical and mechanical polishing for said surface of said phase 
shift pattern that has been etched in order to form said phase 
shift pattern having a desired thickness and a flat surface. 
In the photomask fabrication method as another preferred 
5 embodiment, after the step of forming said shade pattern on said 
transparent substrate, further comprises the steps of forming 
a resist film on said shade pattern, forming a resist pattern 
by selectively etching said resist film by using said radiation 
ray, selectively etching said transparent substrate by using 
10 said resist pattern as a mask, eliminating said resist pattern 
from said transparent substrate, and performing said chemical 
and mechanical polishing for said surface of said phase shift 
pattern . 

In accordance with a preferred embodiment of the present 

15 invention, a photomask fabrication method comprises the steps 
of forming a resist film on a transparent substrate, forming 
a desired pattern on said resist film by developing said resist 
film after said resist film is selectively exposed by using a 
radiation ray, forming hollow sections in said transparent 

20 substrate by selectively etching said transparent substrate by 
using said resist film as a mask, eliminating said resist film 
from said transparent substrate, forming a shade film in each 
of said hollow sections, performing a chemical and mechanical 
polishing for said shade film in order to form a shade pattern, 

25 forming a phase shift film on said transparent substrate, and 
forming a phase shift pattern by selectively etching said phase 
shift film by using said radiation ray. 

In the photomask fabrication method as another preferred 
embodiment, after the step of forming said phase shift pattern 

30 by selectively etching said phase shift film by using said 
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radiation ray, further comprises the step of performing said 
chemical and mechanical polishing for said phase shift pattern 
formed on said transparent substrate. 

In accordance with a preferred embodiment of the present 
5 invention, a photomask fabrication method comprising the steps 
of forming a resist film on a transparent substrate, forming 
a desired pattern on said resist film by developing said resist 
film after said resist film is selectively exposed by using a 
radiation ray, forming hollow sections in said transparent 

10 substrate by selectively etching said transparent substrate by 
using said resist film as a mask, eliminating said resist film 
from said transparent substrate, forming a shade film in each 
of said hollow sections, performing a chemical and mechanical 
polishing for said shade film in order to form a shade pattern, 

15 forming a resist film on said transparent substrate in which 
said shade pattern has been formed, selectively etching said 
resist film by using said radiation ray, and selectively etching 
said transparent substrate. 

In the photomask fabrication method as another preferred 

20 embodiment, after the step of selectively etching said 
transparent substrate by using said radiation ray, further 
comprises the step of performing said chemical and mechanical 
polishing for said transparent substrate. 

In the photomask fabrication method as another preferred 

25 embodiment, one of an electron beam, a laser beam, and a 
monochromatic beam is used as said radiation ray. 

In accordance with a preferred embodiment of the present 
invention, a fabrication method of semiconductor integrated 
circuits such as a liquid crystal display uses said photomask 

30 as described above is used. 
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In accordance with a preferred embodiment of the present 
invention, a fabrication method of semiconductor integrated 
circuits such as a liquid crystal display includes said 
photomask fabrication method according to claim 16 is included. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features, aspects and advantages 
of the present invention will become more apparent from the 
10 following detailed description of the present invention when 
taken in conjunction with the accompanying drawings, in which: 
FIG.lA to FIG. IF are diagrams showing a conventional 
fabrication method of a conventional photomask; 

FIG.2A to FIG.2F are diagrams showing a conventional 
15 fabrication method of a conventional low reflecting photomask; 

FIG.3A to FIG. 3D are diagrams showing a conventional 
fabrication method of a conventional phase shift photomask; 

FIG. 4 is a diagram showing a photomask according to the 
first embodiment of the present invention; 
20 FIG.5A to FIG.5F are diagrams showing a fabrication 

method of the photomask according to the first embodiment of 
the present invention; 

FIG. 6 is a diagrcun showing a polishing device to be used 
for a chemical and mechanical polishing process of a photomask; 
25 FIG.7A and FIG,7B are diagrams, each showing a washing 

process for washing a photomask; 

FIG.8A to FIG.8F are diagrams showing a fabrication 
method of the photomask according to the third embodiment of 
the present invention; 
30 FIG.9A to FIG.9D are diagrams showing a fabrication 
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method of the photomask according to the fourth embodiment of 
the present invention; 

FIG.lOA to FIG.IOD are diagrams showing a fabrication 
method of the photomask according to the fifth embodiment of 
5 the present invention; 

FIG.llA to FIG. HE are diagrams showing a fabrication 
method of the photomask according to the sixth embodiment of 
the present invention; 

FIG.12A to FIG,12D are diagraims showing a fabrication 
10 method of the photomask according to the seventh and eighth 
embodiments of the present invention; 

FIG,13A to FIG.13E are diagrams showing a fabrication 
method of the photomask according to the ninth and tenth 
embodiments of the present invention; 
15 FIG.14A to FIG.14H are diagrams showing photomasks, each 

having a phase shift pattern of Levenson's type according to 
the eleventh embodiment of the present invention; 

FIG. ISA to FIG. 15H are diagrams showing photomasks, each 
having a phase shift pattern of an auxiliary shifter type 
20 according to the twelfth embodiment of the present invention; 

FIG.16A to FIG. 16H are diagreims showing photomasks, each 
having the phase shift pattern of an auxiliary shifter type 
according to the twelfth embodiment of the present invention; 

FIG. 17 A to FIG.17H are diagrams showing photomasks, each 
25 having a phase shift pattern of an edge highlighting type 
according to the thirteenth embodiment of the present 
invention; 

FIG. ISA to FIG. 18H are diagrams showing photomasks, each 
having the phase shift pattern of the edge highlighting type 
30 according to the thirteenth embodiment of the present 
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invention ; 

FIG.19A andFIG.19B are diagrams showing photomasks , each 
having a phase shift pattern of a half tone type according to 
the fourteenth embodiment of the present invention; 
5 FI6.20A to FI6.20H are diagrams showing photomasks, each 

having a phase shift pattern of a half tone type with shade 
patterns according to the fifteenth embodiment of the present 
invention ; 

FI6.21A to FIG.21H are diagrams showing photomasks, each 
10 having a phase shift pattern of a shifter shading type with shade 
patterns according to the sixteenth embodiment of the present 
invention ; 

FIG .22 A to FIG.22H are diagrams showing the photomasks, 
each having the phase shift pattern of the shifter shading type 
15 with shade patterns according to the sixteenth embodiment of 
the present invention; 

FIG.23A to FIG.23H are diagrams showing photomasks, each 
having a phase shift pattern of an intermediate phase type 
according to the seventeenth embodiment of the present 
20 invention ; and 

FIG. 24 is a diagram showing a projection exposure 
apparatus to be used for the fabrication methods of 
semiconductor integrated circuits by using the photomasks of 
the present invention. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Other features of this invention will become apparent 
through the following description of preferred embodiments 
30 which are given for illustration of the invention and are not 
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intended to be limiting thereof. 

First embodiment 

FIG. 4 is a diagram showing the photomask according to the 
first embodiment of the present invention. In FIG. 4, the 
reference number 10 designates a transparent substrate such as 
a transparent glass substrate and so on, 11 denotes shade 
patterns formed in hollow sections (or cavity sections) in the 
transparent glass section 10. In the fabrication process of the 
photomask having the configuration shown in FIG. 4, the shade 
film made up of a semiconductor material, a chromium Cr or a 
Molybdenum silicide MoSi is formed in each of the hollow 
sections. After this process, the chemical and mechanical 
polishing is performed to form a plane surface made up of the 
shade patterns 11 and the transparent glass substrate 10. 

In the conventional photomask, shown in FIG. IF, formed 
by the conventional fabrication method, because the shade 
pattern 111 is formed on the transparent glass substrate 220 
and the surface of the photomask has a complicated pattern, 
there is a drawback that the conventional photomask has a lower 
mechanical durability during the washing process. 

On the other hand, because the photomask according to the 
first embodiment of the present invention has the flat surface 
in which the shade patterns 11 are formed on the hollow sections 
and both the shade patterns 11 and the transparent glass 
substrate 10 are the same flat surface. Accordingly, the 
photomask of the first embodiment has no complicated topography 
and has a higher durability in chemical and mechanical polishing 
during the washing process. 

As described above, according to the photomask of the 
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first embodlmen-b , because the shade pattern comprising shade 
films 11 is formed on the hollow sections and the shade patterns 
11 and the transparent glass substrate 10 are the same flat 
surface, the surface of the photomask has no complicate 
5 topography, and the photomask is capable of increasing a 
durability to the chemical and mechanical polishing during the 
washing process. Therefore it is possible to increase the yield 
of semiconductor integrated circuits manufactured by using the 
photomask of the present invention. 

10 

Second embodiment. 

FIG.5A to FIG.5F are diagrams showing the fabrication 
method of the photomask according to the second embodiment of 
the present invention. In FIG.5A to 5F, the reference number 

15 21 designates a resist film, 23 denotes a plurality of hollow 
sections (or cavity sections) formed in the transparent glass 
substrate 10 at desired intervals, and 24 indicates a shade film. 
Other components are the seune as those of the photomask shown 
in FIG. 4 as the first embodiment, therefore the explanation of 

20 them is omitted here. 

Next, a description will be given of the operation of the 
fabrication method of the photomask as the second embodiment. 

The photomask shovm in FIG. 4 is fabricated by the 
following fabrication processes. 

25 First, as shoxfjn in FIG.5B, the resist film 21 is formed 

on the transparent glass substrate 10. When a selecting etching 
is performed, the resist film 21 is exposed by a radiation ray 
such as an electron beam, a laser beam, a monochromatic beam, 
and the like. In particular, the material of a resist film 

30 to be used for the fabrication process is changed according to 
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the kind of the radiation ray. it is possible to use a 
monochromatic beam as the radiation ray during the exposure 
process. This can be used in the following explanation of the 
third to seventeenth embodiments according to the present 
invention . 

Next, as shovm in FIG.5C, the resist film 21 is 
selectively exposed by using the radiation ray such as the 
electron beam, the laser beam, or the monochromatic beam. After 
this process, the selected resist film 21 is developed by a 
developing solution, for example, a TMAH solution in order to 
form the resist pattern 22, shovm in FIG.5C. 

Next, the selecting etching for the transparent glass 
substrate 10 is performed by using the resist pattern 22 as a 
mask. By the selection etching, the plurality of hollow section 
23 are formed in the transparent glass substrate 10. After the 
selecting process, the shade film 24 made up of the material 
of a Chromium Cr or a Molybdenum silicide MoSi or others is formed 
on the transparent glass substrate 10 having the hollowing 
sections 23. Then, the chemical and mechanical polishing to the 
shade film 24 is so performed that both the transparent glass 
substrate 10 and the shade patterns 11 are the same surface. 
The fabrication process of the photomask is thereby completed. 

Next, a description will be given of the chemical and 
mechanical polishing method to polish the shade film 24 formed 
on the transparent glass substrate 10 shown in FIG.5E. 

FIG. 6 is a diagram showing a polishing device to be used 
during the chemical and mechanical polishing processes for 
polishing the shade film 24 in the photomask. In FIG. 6, the 
reference number 31 designates a rotation table, 32 denotes each 
mask holder for holding a photomask located on the rotation 



15 



table 31. In FIG. 6^ the four mask holders are placed on the 
rotation table 31. Each mask holders 32 rotates to a different 
direction when comparing with the direction of the rotation of 
the rotation table 31. The reference number 33 designates a 
polishing cloth on the rotation table 31. On the polishing cloth 
33, there is a slurry including fine grains such as alumina 
(Aluminium oxide AI2O3) and silica (Silicon dioxide S^O^,) . 

Each transparent glass substrate 10 shown in FIG.5E is 
placed on each rotation table 31 so that the surface on which 
the shade film 24 is formed, namely a pattern surface of the 
transparent glass substrate 10, is faced to the polishing cloth 
33. After the setting of the transparent glass substrate 31, 
the rotation table 31 is rotated to the direction designated 
by the arrows shown in FIG. 6. This rotation performs the 
polishing process. The degree of the polishing is adjusted by 
the pressure of each mask holder 32 to the rotation table 31, 
and the niimber of the rotation speed of each of the rotation 
table 31 and the mask holder 32. After the completion of the 
polishing process, both the shade sections 11 and the 
transparent glass substrate 10 have the same flat surface shovm 
in FIG.5F. The surface of the photomask becomes flat. 

FIG.7A is a diagram showing a washing process for washing 
a conventional photomask and FIG.7B is a diagram showing the 
washing process for washing the photomask of the second 
embodiment shown in FI6.5F. in FIG.7A and FIG.7B, the reference 
niuaber 41 designates a blush, and 42 denotes a dust on the 
photomask to be eliminated during the washing process. 

As shown in FIG.7A, the photomask formed by the 
conventional fabrication process has a complicated topography 
in which the shade sections 111 are on the transparent glass 
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substrate 220, In this configuration of the conventional 
photomask, the shade sections 111 are eliminated from the 
transparent glass substrate 220 by the mechanical stress such 
as the brush during the washing process. This causes pattern 
5 defects when the photomask in which one or more shade sections 
111 are eliminated is exposed during the exposure process. That 
is, the quality of the photomask is decreased and the quality 
of semiconductor integrated circuits such as liquid crystal 
displays and so on manufactured by using the conventional 

10 photomask is also decreased. This causes to decrease the yield 
of the semiconductor integrated circuits. 

On the other hand, as shovm in FIG.7B, because the 
photomask formed by using the fabrication process of the second 
embodiment has the flat surface, there is no mechanical stress 

15 such as the blush 41 during the washing process. This 
configuration of the photomask of the present invention can 
achieve a high quality. Further, the quality of the 
semiconductor integrated circuits such as liquid crystal 
displays and liquid crystal panels can be increased. This causes 

20 to increase the yield of the semiconductor integrated circuits . 

As described above, according to the second embodiment, 
because it is possible to form the photomask having the flat 
surface, the quality of the photomask becomes high and it is 
also possible to increase the quality of semiconductor 

25 integrated circuits such as liquid crystal displays and liquid 
crystal panels manufactured by using the photomask. In addition 
to those features, it is possible to increase the yield of the 
semiconductor integrated circuits. 

30 Third embodiment. 
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FIG.8A to FIG.8F are diagrams showing a fabrication 
method of the photomask according to the third embodiment of 
the present invention. In FIG. 8A to FIG. the reference number 
50 designates a first reflection preventing film, and 51 denotes 
5 a second reflection preventing film. Other components are the 
same as those of the second embodiment, therefore the 
explanation of them is omitted here* 

Next, a description will be given of the operation of the 
fabrication method of the photomask as the third embodiment. 

10 By using the fabrication method for the photomask of the 

third embodiment shown in FIG.8A to FIG.8D, the transparent 
glass substrate 10 is processed to form the hollow sections 23 
(or cavity sections) on the transparent glass substrate 10 (see 
FIG. 8A to FIG. 8D) . Following this , as shovm in FIG. 8D, the first 

15 reflection preventing film 50 is formed on the hollow sections 
23 and the transparent glass substrate 10, in particular, so 
that the first reflection preventing film 50 is not buried 
completely in each of the hollow sections 23 (see the first 
reflection film 50 shoxm in FIG.8E). The shade films made up 

20 of a semiconductor material Cr or MoSi are then formed on the 
first reflection preventing film 50 in the hollow sections 23. 

After this process, the chemical and mechanical polishing 
to the shade film 24 is performed to form a plane surface made 
up of the shade patterns 11 and the transparent glass substrate 

25 10 . That is , both the shade patterns 11 and the transparent glass 
substrate 10 have the same surface. Then, as shown in FIG.8F, 
the second reflection preventing film 51 is formed on the shade 
patterns 11 and the transparent glass substrate 10. 

The material of the second reflection preventing film 51 

30 is a magnesium fluoride MgF-j or a chromium monoxide CrO, and 
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so on. In the configuration of the photomask shown in FIG. 8, 
both the first and second reflection preventing films 50 and 
51 are formed. However, the present invention is not limited 
by this configuration, for example, it is acceptable to form 
5 one of them on or under the shade pattern 11. 

Because the conventional photomask of a low reflection 
type shown in FIG.2F has a multi-layer configuration, it happens 
that the shade sections 111 are fallen or separated from the 
transparent glass substrate 220 by a brush to be used during 

10 a washing process to eliminate dusts. In other words, the 
conventional photomask has a lower durability during the 
photomask fabrication process. This drawback of the 
conventional photomask shown in FIG.2F causes to decrease the 
quality of the photomask and to decrease the yield and quality 

15 of semiconductor integrated circuits manufactured by using the 
conventional photomask. On the other hand, the photomask of the 
third embodiment shown in FIG.8F has the configuration in which 
the shade pattern 11 is formed in the transparent glass 
substrate 10, so that the photomask of the third embodiment has 

20 the large mechanical strength. Thus, the configuration of the 
photomask of the third embodiment contributes to decrease the 
occurrence of a structural defect of the shade pattern. 

As described above, according to the third embodiment, 
the shade pattern 11 is formed on the transparent glass 

25 substrate 10 and the surface of the photomask is flat and the 
strength of the photomask to the mechanical stress becomes 
large. It is therefore possible to decrease the occurrence of 
the fault of the shade pattern 11 and to form the photomask with 
a high quality. Further, it is possible to increase the quality 

30 of semiconductor integrated circuits such as liquid crystal 
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displays and liquid crystal panels manufactured by using this 
photomask. In addition to those features, it is possible to 
increase the yield of the semiconductor integrated circuits. 

5 Fourth embodiment. 

FI6.9A to FIG.9D are diagrams showing a fabrication 
method of the phase shift photomask according to the fourth 
embodiment of the present invention. In FIG.9A to 9D, the 
reference number 60 designates a phase shift film coated with 

10 a shifter material. The reference number 61 denotes a shade 
pattern, and 62 designates a phase shift pattern. Other 
components are the same as those of the second embodiment, 
therefore the explanation of them is omitted here. 

Next, a description will be given of the operation of the 

15 fabrication method of the photomask having the phase shift 
pattern as the fourth embodiment. 

First, as shown in FIG.9A, the shade pattern 61 is formed 
on the transparent glass substrate 10. After this process, the 
shifter material such as SOG (Spin On Glass) is coated on both 

20 the transparent glass substrate 10 and the shade pattern 61. 
The configuration of the phase shift film 60 formed by coating 
the shifter material has a waved-shape shown in FIG.9B because 
the shifter material 60 is coated on a complicated topography 
of the shade pattern 61. 

25 Next, the chemical and mechanical polishing is performed 

for the phase shift film 60 in order to obtain a flat surface 
of the phase shift film 60. After the completion of the polishing 
process, the phase shift film 60 is selectively etched (namely, 
a selection etching is performed for the phase shift film 60) 

30 in order to form the phase shift mask having the phase shift 
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pattern 62 with a uniform thickness of each shifter shovm in 
FIG.9C. 

As shown in FIG.3C, because the thickness of each shifter 
becomes partially high, namely, the thickness of each shifter 
5 does not uniform, the conventional phase shift photomask does 
not perform completely its function. On the other hand, the 
phase shift photomask fabricated by the fabrication method of 
the fourth embodiment can perform completely its function 
because the thickness of the shifters forming the phase shift 
10 pattern 62 is uniform. 

As described above, because the fabrication method of the 
fourth embodiment can fabricate the phase shift pattern of a 
uniform thickness, it is possible to increase the contrast of 
an optical image of the phase shift photomask when semiconductor 
15 integrated circuits are fabricated by using the phase shift 
photomask. 

Fifth embodiment. 

FIG.lOA to FIG.IOD are diagrams showing a fabrication 

20 method of the photomask according to the fifth embodiment of 
the present invention. In FIG.lOA to FIG.IOD, the reference 
number 63 designates a phase shift pattern, and 70 denotes a 
boundary section between the phase shift pattern and the 
transparent glass substrate 10. Other components are the same 

25 as those of the fourth embodiment, therefore the explanation 
of them is omitted here. 

Next, a description will be given of the operation of the 
fabrication method of the phase shift photomask of the fifth 
embodiment as a photomask. 

30 First, as shown in FIG. lOA and FIG. lOB, the shade pattern 
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61 is formed on the transparent glass substrate 10, Next, the 
phase shift film 60 is formed on both the shade pattern 61 and 
the transparent glass substrate 10 by using the fabrication 
process of the fourth embodiment shown in FIG,9A and FIG.9B. 
5 Next J. as shown in FIG, IOC, after the phase shift film 60 

is selectively etched, the chemical and mechanical polishing 
is performed so that the surface of the phase shift film 60 as 
the coated film becomes flat. Thereby, the photomask in which 
the surface of the phase shift pattern 63 becomes flat can be 

10 obtained. No phase error happens during the fabrication process 
for semiconductor integrated circuits by using the photomask 
obtained by the above processes. 

In addition, as shown in the right section in FIG.IOD, 
the boundary section 70 in the phase shift section adjacent to 

15 the shade pattern 61 has a sloped shape where the phase is 
gradually changed. Thus, by performing the chemical and 
mechanical polishing for the boundary section 70, an 
intermediate phase shifter can be formed in the boundary section 
70. That is, the boundary section 70 becomes a faulty section 

20 of the phase shifter if no chemical and mechanical polishing 
is performed. However, no shade section is formed at the 
boundary section 70 by performing the chemical and mechanical 
polishing. Furthermore, as shovm in FIG.IOD, no mechanical 
stress by the brush 41 (see FIG.7A) happens during the washing 

25 process because the surface of the photomask has a unique 
topography, namely flat. This means the photomask of the fifth 
embodiment has a high durability during the washing process. 

As described above, according to the fifth embodiment, 
it is possible to avoid the occurrence of the faulty phase 

30 shifter at the boundary section 70 in the photomask and to form 
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the phase shift photomask having the configuration in which no 
shade section are formed at the boundary section 70, Therefore 
the topography of the surface of the photomask becomes flat. 
It is thereby possible to form the photomask having a high 
5 durability to the washing process. 

Sixth embodiment. 

FIG.llA to FIG. HE are diagrams showing the fabrication 
method of the photomask according to the sixth embodiment of 

10 the present invention. In FIG.llA to HE, the reference number 
80 designates a resist film, 82 denotes a phase shift pattern, 
and 83 indicates a hollow section (or a cavity section) . Other 
components are the same as those of the fifth embodiment, 
therefore the explanation of them is omitted here. 

15 Next, a description will be given of the operation of the 

fabrication method of the photomask having the phase shift 
pattern as the sixth embodiment. 

First, as shown in FIG.llA, the shade pattern 61 is formed 
on the transparent glass substrate 10. Next, the resist film 

20 80 is formed on both the shade pattern 61 and the transparent 
glass substrate 10. The resist film 80 has a complicated 
topography such as a convex shape because the shade pattern 61 
is formed on the transparent glass substrate 10. 

Next, as shown in FIG.llC and FIG.llD, the transparent 

25 glass substrate 10 is selectively etched by using the resist 
film 80 and the shade pattern 61 as a mask in order to form the 
hollow section 83 in the transparent glass section 10. In this 
configuration, the phase shift pattern 82 is formed at the 
section adjacent to the shade pattern 61. 

30 Next, the chemical and mechanical polishing is performed. 
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so that the configuration of the boundary section 70 between 
the phase shift pattern 82 (see FIG.llD) and the transparent 
glass substrate 10 (see FIG.llD) becomes a sloped shape, as 
shown in FIG. HE. In the boundary section 70 of the sloped shape, 
5 the phase is gradually changed. By performing the chemical and 
mechanical polishing for the boundary section 70, an 
intermediate phase shifter can be automatically formed in the 
boundary section 70. That is, the boundary section 70 becomes 
a faulty section of the phase shifter if no chemical and 

10 mechanical polishing is performed. However, no shade section 
is formed at the boundary section 70 by performing the chemical 
and mechanical polishing for the boundary section 70. Further, 
as shown in FIG. HE, because the topography of the parts, where 
no phase shift section is formed, in the photomask fabricated 

15 by the fabrication method of the sixth embodiment is more flat 
when comparing with the conventional one shown in FIG. 3D, no 
mechanical stress by the brush 41 (see FIG.7A) happens during 
the washing process. This means the photomask of the sixth 
embodiment has a high durability during the washing process. 

20 AS described above, according to the sixth embodiment, 

it is possible to avoid the occurrence to generate the faulty 
phase shifter at the boundary section 70, and it is possible 
to form the phase shift photomask having the configuration in 
which no shade section is formed at the boundary section 70 by 

25 performing the chemical and mechanical polishing. Therefore the 
topography of the surface of the photomask becomes flat when 
comparing with the conventional one. It is thereby possible to 
foirm the photomask having a high durability to the mechanical 
stress caused by the brush 41 (see FIG.7A) during the washing 

30 process. 



24 



Seventh embodiment. 

FIG.12A and FIG.12B are diagrams showing a fabrication 
method of the photomask according to the seventh embodiment of 
5 the present invention. In FIG.12A and FIG.12B, the reference 
number 63 designates a phase shift pattern. Other components 
are the same as those of the fifth embodiment, therefore the 
explanation of them is omitted here. 

Next, a description will be given of the operation of the 
10 fabrication method of the photomask having the phase shift 
pattern as the seventh embodiment. 

First, as shown in FIG. 12A, the shade pattern 11 is formed 
in the hollow section 11 (or the cavity section) formed in the 
transparent glass substrate 10 by the fabrication method of the 
15 second embodiment shovm in FIG.5A to FIG.5F. 

Next, the phase shift film 60 made up of a shifter material 
such as SOG (Spin on glass) is coated on both the transparent 
glass substrate 10 and the shade pattern 11. The surface of the 
phase shift film 60 formed by coating the shifter material 
20 becomes flat, as shown in FIG.12B, because the surface of the 
transparent glass substrate 10 is flat. 

Next, the chemical and mechanical polishing is performed 
for the phase shift film 60 in order to obtain the phase shift 
pattern 63 of a flat surface and a unique thickness. 
25 As described above, according to the seventh embodiment, 

because the photomask having the phase shift pattern 63 can be 
formed on the photomask having the configuration of the first 
embodiment, it is possible to increase the contrast of an 
optical image of the phase shift photomask when semiconductor 
30 integrated circuits are fabricated by using the phase shift 
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photomask of the seventh embodiment. 

Eighth embodiment- 

FIG.12D is a diagram showing a fabrication method of the 
5 photomask according to the eighth embodiments of the present 
invention. In FIG.12D, the reference number 70 designates a 
boundary section between the transparent glass substrate 10 and 
the phase shift pattern 63. Other components are the same as 
those of the seventh embodiment, therefore the explanation of 

10 them is omitted here. 

Next, a description will be given of the operation of the 
fabrication method of the photomask having the phase shift 
pattern as the eighth embodiment. 

After the fabrication process of the seventh embodiment 

15 shown in FIG.12A to FIG.12C, the chemical and mechanical 
polishing is further performed for the photomask shown in 
FIG.12C, so that the configuration of the boundary section 70 
between the phase shift pattern 63 (see FIG.12C) and the 
transparent glass substrate 10 (see FIG.12C) becomes a sloped 

20 shape, as shown in FIG.12D. In the boundary section 70 of the 
sloped shape, the phase is gradually changed. By performing the 
chemical and mechanical polishing, an intermediate phase 
shifter can be automatically formed in the boundary section 70. 
That is, the boundary section 70 becomes a faulty section of 

25 the phase shifter if no chemical and mechanical polishing is 
performed. However, no shade section is formed at the boundary 
section 70 by performing the chemical and mechanical polishing. 
Further, as shovm in FIG.12D, because the topography of the 
photomask is more flat when comparing with the conventional one 

30 shown in FIG. 3D, no mechanical stress by the brush 41 (see 
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FIG.7A) happens during the washing process- This means the 
photomask of the eighth embodiment has a high durability during 
the washing process. 

As described above, according to the eighth embodiment, 
5 because the photomask with the phase shift pattern can be formed 
on the configuration of the photomask of the first embodiment, 
it is possible to increase the contrast of an optical image when 
semiconductor integrated circuits are manufactured by using the 
photomask of the eighth embodiment. In addition, it is possible 
10 to form the photomask having a high durability to the mechanical 
stress caused by the brush 41 (see FIG.7A) during the washing 
process because the topography of the surface of the photomask 
is flat when comparing with the conventional one. 

15 Ninth embodiment. 

FIG.13A to FIG.13D are diagrams showing the fabrication 
method of the photomask according to the ninth embodiment of 
the present invention. In FIG.13A to FIG.13D, the reference 
number 100 designates a resist film, 101 denotes a resist 

20 pattern, 102 indicates a phase shift pattern, and 103 designates 
a hollow section (or a cavity section) . Other components are 
the same as those of the sixth embodiment, therefore the 
explanation of them is omitted here. 

Next, a description will be given of the operation of the 

25 fabrication method of the photomask having the phase shift 
pattern as the ninth embodiment. 

First, the photomask having a flat surface including the 
shade pattern 11 formed in the hollow section shown in FIG.13A 
is fabricated by using the fabrication method of the second 

30 embodiment shown in FIG.5A to FIG.5F. 
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Next, as shovm in FIG.13B, the resist film 100 is coated 
on the transparent glass substrate 10 in which the shade pattern 
11 is formed. Because the photomask fabricated by the 
fabrication method of the present invention includes the shade 
5 pattern 11 formed in the hollow section and the surface of the 
photomask is flat, the surface of the resist film 100 becomes 
flat. 

On the other hand, because the shade pattern 111 formed 
on the transparent glass substrate 220 in the conventional 

10 photomask fabricated by the conventional fabrication process 
has a complicated topography, the surface of the resist film 
224 has also a complicated shape. 

Next, when the resist film 100 obtained by the fabrication 
process shovm in FIG. 13B is developed in order to form the resist 

15 pattern 101 shown in FIG.13C. Then, the transparent glass 
substrate 10 is selectively etched by using the resist pattern 
101 and the shade pattern 11 as a mask, so that the phase shift 
pattern 102 having the hollow section 103 shown in FIG.13D is 
formed . 

20 As described above, according to the ninth embodiment, 

because it is possible to form the photomask having the phase 
shift pattern on the configuration of the photomask as the first 
embodiment, it is possible to increase the contrast of an 
optical image when semiconductor integrated circuits are 

25 manufactured by using the photomask of the ninth embodiment. 
In addition, it is possible to form the photomask having a high 
durability to the mechanical stress caused by the brush 41 (see 
FIG.7A) during the washing process because the topography of 
the surface of the photomask is flat when comparing with the 

30 conventional one . 
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Tenth embodiment. 

FIG.13E is a diagram showing a fabrication method of the 
photomask according to the tenth embodiments of the present 
5 invention. In FIG.ISE^ the reference number 70 designates a 
boundary section between the transparent glass substrate 10 and 
the phase shift pattern 102. Other components are the same as 
those of the ninth embodiment, therefore the explanation of them 
is omitted here. 

10 Next, a description will be given of the operation of the 

fabrication method of the photomask having the phase shift 
pattern as the tenth embodiment. 

After the fabrication process of the ninth embodiment 
shown in FIG.13A to FIG.13D, the chemical and mechanical 

15 polishing is further performed for the photomask shovra in 
FIG.13D, so that the configuration of the boundary section 70 
between the phase shift pattern 102 (see FIG.13D) and the 
transparent glass substrate 10 (see FIG.13D) becomes a sloped 
shape, as shoim in FIG.13E. In the boundary section 70 of the 

20 sloped shape, the phase is gradually changed. By performing the 
chemical and mechanical polishing for the boundary section 70, 
an intermediate phase shifter can be automatically formed in 
the boundary section 70. That is, the boundary section 70 
becomes a faulty section of the phase shifter if no chemical 

25 and mechanical polishing is performed. However, no shade 
section is formed at the boundary section 70 by performing the 
chemical and mechanical polishing for the boundary section 70. 
In addition, as shown in FIG.13E, because the topography of the 
photomask is more flat when comparing with the conventional one 

30 shovm in FIG- 3D, no mechanical stress by the brush 41 (see 
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FIG.7A) happens during the washing process. This means the 
photomask of the tenth embodiment has a high durability during 
the washing process. 

As described above ^ according to the tenth embodiment^ 
5 because the photomask with the phase shift pattern can be formed 
on the configuration of the photomask of the ninth embodiment, 
it is possible to increase the contrast of an optical image when 
semiconductor integrated circuits are manufactured by using the 
photomask of the tenth embodiment. In addition, it is possible 
10 to form the photomask having a high durability to the mechanical 
stress caused by the brush 41 (see FIG.7A) during the washing 
process because the topography of the surface of the photomask 
is flat when comparing with the conventional one. 

15 Eleventh embodiment. 

FIG. 14A to FIG. 14H are diagrams showing photomasks, each 
has a phase shift pattern of Levenson's type. In particular, 
FIG.14B to FIG.14D and FIG.14F show the photomasks having the 
phase shift pattern of Levenson's type that can be fabricated 

20 only by using the fabrication methods of the second embodiment 
to the tenth embodiment of the present invention. In addition, 
FIG.14A, FIG.14E, FIG.14G, and FIG.14H show the photomasks of 
Levenson's type fabricated by using the conventional 
fabrication methods . In the eleventh embodiment, each component 

25 is the same as each component shown in the first to tenth 
embodiments, therefore the explanation of them is omitted here. 

Next, a description will be given of the operation of the 
photomasks having the phase shift pattern of Levenson's type 
as the eleventh embodiment. 

30 In the photomask having a phase shift pattern, the 
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principle of an image formation of a radiation ray and the effect 
thereof are generally changed according to the arrangement of 
a phase shift section where the phase shift pattern is formed, 
a shade section where the shade pattern is formed, and a 
5 transparent section through which the radiation ray is passed. 

When comparing with the conventional photomask having the 
phase shift pattern of a Levenson's type, the structure of the 
photomask having the phase shift pattern of the Levenson* s type 
as the eleventh embodiment shown in FIG.14B to FIG.14D and 

10 FIG.14F has the unique thickness of the phase shifter and the 
surface of the photomask is flat. Therefore the topography of 
the surface of the photomask shown in each of FIG. 14B to FIG. 14D 
and FIG.14F is more flat when comparing with that of the 
photomask sho^m in each of FIG.14A, FIG.14E, FIG.14G, and 

15 FIG.14G. Thereby, the function of the phase control can be 
increased and the contrast of the optical image can also be 
increased. In addition to this features, no mechanical stress 
happens by the brush 41 (see FIG.7A) during the washing process. 
This means the photomasks of the eleventh embodiment shovm in 

20 FIG.14B to FIG.14D and FIG.14F has a high durability. 

As described above, according to the eleventh embodiment, 
because the topography of the surface of the photomask is flat 
and the difference of the step at the shifter section is smaller 
in height, the effect of a wave guide is relaxed, and the 

25 difference between the shifter section and the transparent 
section is decreased- For example, when semiconductor 
integrated circuits are manufactured by using the photomasks 
of the eleventh embodiment, it is possible to increase the 
performance of the image formation. In addition, it is possible 

30 to form the photomask having a high durability to the mechanical 
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stress caused by the brush 41 (see FIG.7A) during the washing 
process because the topography of the surface of the photomask 
is flat when comparing with the conventional photomask;, as shovm 
in FIG,14A, FIG.14E, and FIG.14G. 

5 

Twelfth embodiment. 

FIG.15A to FIG.15H and FIG.16A to FIG.16H are diagrams 
showing photomasks, each has a phase shift pattern of an 
auxiliary shifter type. In particular, FIG.15B to FIG.15D, 

10 FIG.15F, FIG.16B to FIG.16D, and FIG.16F show the photomasks 
having the shift pattern of auxiliary shifter type that can be 
formed only by the fabrication methods of the second to tenth 
embodiments according to the present invention. The photomasks 
having the phase shift pattern of an auxiliary shifter type 

15 shovm in FIG. 15A, FIG.15E, FIG.15G, FIG.15H, FIG.16A, FIG.16E, 
FIG.16G, and FIG.16H are formed by using the conventional 
photomask fabrication methods . Other components are the same 
as those of the first to tenth embodiments, therefore the 
explanation of them is omitted here. 

20 Next, a description will be given of the operation of the 

photomasks having the phase shift pattern of the auxiliary 
shifter type as the twelfth embodiment. 

When comparing with the conventional photomasks having 
the phase shift pattern of the auxiliary shifter type, each of 

25 the photomasks having the phase shift pattern of the auxiliary 
shifter type shown in FIG.15B to FIG.15D, FIG.15F, FIG.16B to 
FIG. 16D, and FIG. 16F has a unique thickness of the phase shifter 
and the surface of each photomask is flat. Thereby, the 
topography of the surface of each photomask is more flat when 

30 comparing with that of each photomask shown in FIG, 15 A, FIG.15E, 
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FIG.15G, FIG.15H, FIG.16A, FIG.16E, FIG.16G, and FIG.16H. 
Thereby, the function of the phase control can be increased 
and the contrast of the optical image can also be increased. 
In addition to this features, no mechanical stress happens by 
5 the brush 41 (see FIG. 7A) during the washing process . This means 
each of the photomasks of the twelfth embodiment has a high 
durability. 

As described above, according to the twelfth embodiment, 
because the topography of the surface of each photomask is flat, 

10 the phase control can be easily performed, so that the contrast 
of an optical image can be increased. That is, as shown in FIG. 15B 
to FIG.15D, FIG.15F, FIG.16B to FIG. 16D, and FIG.16F, 
because the difference of the step at the shifter section is 
smaller in height, the effect of a wave guide is reduced, and 

15 the difference between the shifter section and the transparent 
section is decreased. For example, when semiconductor 
integrated circuits are manufactured by using the photomasks 
of the twelfth embodiment, it is possible to increase the 
performance of the image formation. In addition, it is possible 

20 to form the photomask having a high durability to the mechanical 
stress caused by the brush 41 (see FIG.7A) during the washing 
process because the topography of the surface of each photomask 
is flat when comparing with each conventional photomask, as 
shown in FIG.15A, FIG.15E, FIG.15G, FIG.15H, FIG.16A, FIG.16E, 

25 FIG.16G, and FIG.16H. 

Thirteenth embodiment. 

FIG.17A to FIG.17H and FIG. ISA to FIG. 18H are diagrams 
showing photomasks, each has a phase shift pattern of an edge 
30 highlighting type. In particular, FIG. 17B to FIG. 17D, FIG.17F, 
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FIG.18B to FIG.ISD^ and FIG.18F show the photomasks having the 
shift pattern of the edge highlighting type that can be formed 
only by the fabrication methods of the second to tenth 
embodiments according to the present invention. The photomasks 
5 having the phase shift pattern of the edge highlighting type 
shown in FIG.17A, FIG.17E, FIG.17G, FIG,18H, FIG. ISA, FIG.18E, 
FIG.18G, and FIG.18H are formed by using the conventional 
photomask fabrication methods. Other components are the same 
as those of the first to tenth embodiments^ therefore the 

10 explanation of them is omitted here. 

Next, a description will be given of the operation of the 
photomasks having the phase shift pattern of the edge 
highlighting type as the thirteenth embodiment. 

When comparing with the conventional photomasks having 

15 the phase shift pattern of the edge highlighting type, each of 
the photomasks having the phase shift pattern of the edge 
highlighting type shovm in FIG. 17B to FIG. 17D, FIG. 17F, FIG. 18B 
to FIG.18D, and FIG.18F has a unique thickness of the phase 
shifter and the surface of each photomask is flat. Thereby, the 

20 topography of the surface of each photomask is more flat when 
comparing with that of each photomask shown in FIG. 17A, FIG. 17E, 
FIG.17G, FIG.18H, FIG.18A, FIG.18E, FIG.18G, and FIG.18H. 
Thereby, the function of the phase control can be increased 
and the contrast of the optical image can also be increased. 

25 In addition to this features, no mechanical stress happens by 
the brush 41 (see FIG.7A) during the washing process . This means 
each of the photomasks of the thirteenth embodiment has a high 
durability. 

As described above, according to the thirteenth 
30 embodiment, because the topography of the surface of each 
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photomask is flat, the phase control can be easily performed, 
so that the contrast of an optical image can be increased. That 
is, as shown in FIG. 17B to FIG. 17D, FIG.17F, FIG. 18B to FIG. 18D, 
and FIG.186F, because the difference of the step at the shifter 
5 section is smaller in height, the effect of a wave guide is 
reduced, and the difference between the shifter section and the 
transparent section is decreased. For example, when 
semiconductor integrated circuits are manufactured by using the 
photomasks of the thirteenth embodiment, it is possible to 

10 increase the performance of the image formation. In addition, 
it is possible to form the photomask having a high durability 
to the mechanical stress caused by the brush 41 (see FIG.7A) 
during the washing process because the topography of the surface 
of each photomask is flat when comparing with each photomask 

15 shown in FIG. 17A, FIG.17E, FIG.17G, FIG. 17H, FIG. ISA, FIG.18E, 
FIG.18G, and FIG.18H. 

Fourteenth embodiment. 

FIG.19A andFIG.19B are diagrams showing photomasks , each 

20 has a phase shift pattern of a half tone type. In particular, 
FIG. 19B shows the photomask having the shift pattern of the half 
tone type that can be formed only by the fabrication method of 
the second embodiment according to the present invention. The 
photomask having the phase shift pattern of the half tone type 

25 shown in FIG.19A is formed by using the conventional photomask 
fabrication method. Other components are the same as those of 
the first to tenth embodiments, therefore the explanation of 
them is omitted here. 

Next, a description will be given of the operation of the 

30 photomask having the shift pattern of the half tone type as the 
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fourteenth embodiment. 

when comparing with the conventional photomask having the 
phase shift pattern of the half tone type, the photomask having 
the phase shift pattern of the half tone type shovm in FIG.19B 
5 has the configuration in which the surface of the photomask is 
flat. Thereby, the topography of the surface of each photomask 
is more flat when comparing with that of the photomask shown 
in FIG.19A. Thereby, no mechanical stress happens by the brush 
41 (see FIG.7A) during the washing process. This means each of 

10 the photomasks of the fourteenth embodiment has a high 
durability. The semiconductor material such as MoSiON, or CrON 
is used for forming the half tone section in the photomask. 

As described above, according to the fourteenth 
embodiment, because the topography of the surface of the 

15 photomask is flat, it is possible to form the photomask having 
a high durability to the mechanical stress caused by the brush 
41 (see FIG.7A) during the washing process when comparing with 
the photomask having the configuration shown in FIG.19A. 

20 Fifteenth embodiment. 

FIG.20A to FIG.20H are diagrams showing photomasks having 
a phase shift pattern of the half tone type with shade patterns 
according to the fifteenth embodiment of the present invention. 
In particular, FIG.20B to FIG.20D, and FIG.20F show the 

25 photomasks having the shift pattern of the half tone type with 
the shade pattern that can be formed only by the fabrication 
methods of the second to tenth embodiments according to the 
present invention. The photomasks having the phase shift 
pattern of the half tone type with the shade pattern shown in 

30 FIG.20A, FIG.20E, FIG.20G, and FIG.20H are foinned by using the 
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conventional photomask fabrication methods. Other components 
are the same as those of the first to tenth embodiments, 
therefore the explanation of them is omitted here. 

Next, a description will be given of the operation of the 
5 photomask having the phase shift pattern of the half tone type 
with the shade pattern as the fifteenth embodiment. 

When comparing with the conventional photomasks having 
the phase shift pattern of the half tone type with the shade 
pattern, in each of the photomasks having the phase shift 

10 pattern of the half tone type with the shade pattern shown in 
FI6.20B to FIG.20D, and FIG.20F, the surface of each photomask 
is flat. Thereby, the topography of the surface of each 
photomask is more flat when comparing with that of each 
photomask shovm in FIG,20A, FIG.20E, FIG.20G, and FIG.20H. 

15 Thereby, no mechanical stress happens by the brush 41 (see 
FIG.7A) during the washing process. This means each of the 
photomasks of the fifteenth embodiment has a high durability. 

As described above, according to the fifteenth embodiment, 
because the topography of the surface of each photomask is flat, 

20 it is possible to form the photomask having a high durability 
to the mechanical stress caused by the brush 41 (see FIG.7A) 
during the washing process. 

Sixteenth embodiment. 

25 FIG.21A to FIG.21H and FIG.22A to FIG.22H are diagrams 

showing a photomask, each having a phase shift pattern of a 
shifter shading type with shade patterns. In particular, 
FIG.21B to FIG.21D, FIG.21F, FIG.22B to FIG.22D, and FIG.22F 
show the photomasks having the shift pattern of the shifter 

30 shading type with the shade pattern that can be formed only by 
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the fabrication methods of the second to tenth embodiments 
according to the present invention. The photomasks having the 
phase shift pattern of the shifter shading type with the shade 
pattern shown in FIG.21A, FIG.21E^ FIG.21G, FIG.21H, FIG,22A, 
FIG,22E, FIG.22G, and FIG.22H are formed by using the 
conventional photomask fabrication methods . Other components 
are the same as those of the first to tenth embodiments, 
therefore the explanation of them is omitted here. 

Next, a description will be given of the operation of the 
photomasks having the phase shift pattern of the shifter shading 
type with the shade pattern as the sixteenth embodiment. 

When comparing with the conventional photomasks having 
the phase shift pattern of the shifter shading type with the 
shade pattern, in each of the photomasks having the phase shift 
pattern of the edge highlighting type shown in FIG. 2 IB to 
FIG.21D, FIG.21F, FIG.22B to FIG.22D, and FIG.22F, the surface 
of each photomask is flat and each shifter in the photomask has 
an unique thickness. Thereby, the topography of the surface of 
each photomask is more flat when comparing with that of each 
photomask shovm inFIG.2lA, FIG.21E, FIG.21G, FIG.21H, FIG.22A, 
FIG.22E, FIG-22G, and FIG.22H. Thereby, the function of the 
phase control can be increased and the contrast of the optical 
image can also be increased. In addition to this features, no 
mechanical stress happens by the brush 41 (see FIG.7A) during 
the washing process. This means each of the photomasks of the 
sixteenth embodiment has a high durability. 

As described above, according to the sixteenth embodiment, 
because the topography of the surface of each photomask is flat, 
the phase control can be easily performed, so that the contrast 
of an optical image can be increased. That is, as shovm inFIG,2lB 
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to FIG.21D, FIG,21F, FIG.22B to FIG.22D, and FIG,22F, because 
the difference of the step at the shifter section is smaller 
in height^ the effect of a wave guide is reduced, and the 
difference between the shifter section and the transparent 
5 section is decreased. For example, when semiconductor 
integrated circuits are manufactured by using the photomasks 
of the sixteenth embodiment, it is possible to increase the 
performance of the image formation. In addition, it is possible 
to form the photomask having a high durability to the mechanical 
10 stress caused by the brush 41 (see FIG.7A) during the washing 
process because the topography of the surface of each photomask 
is more flat when comparing with each photomask shown in FIG.21A, 
FIG.21E, FIG.21G, FIG.21H, FIG.22A, FIG,22E, FIG.22G, and 
FIG.22H, 

15 

Seventeenth embodiment. 

FIG.23A to FIG.23H are diagrams showing photomasks, each 
has a phase shift pattern of an intermediate phase type. In 
particular, FIG.23B to FIG.23D, FIG.23F show the photomasks, 

20 each has the shift pattern of the intermediate phase type that 
can be formed only by the fabrication methods of the second to 
tenth embodiments according to the present invention. Sections 
other than the boundary section 70 in the photomasks having the 
phase shift pattern of the intermediate phase type shown in 

25 FIG.23A, FIG.23E, FIG.23G, and FIG.23H are formed by using the 
conventional photomask fabrication methods . Other components 
are the Scime as those of the first to tenth embodiments, 
therefore the explanation of them is omitted here. 

Next, a description will be given of the operation of the 

30 photomasks having the phase shift pattern of the intermediate 
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phase type as the seventeenth embodiment. 

When comparing with the photomasks having the phase shift 
pattern of the intermediate phase type shown inFIG.23A, FIG.23E, 
FIG.23G, and FIG.23H, the surface of each of the photomasks 
5 having the phase shift pattern of the edge highlighting type 
shown in FIG.23B to FIG.23D, andFIG.23F is flat, and the shifter 
adjacent to the shade pattern in each of the photomasks has an 
unique thickness. Thereby, the function of the phase control 
can be increased and the contrast of the optical image can also 

10 be increased. In addition to this features, no mechanical stress 
happens by the brush 41 (see FIG.7A) during the washing process . 
This means each of the photomasks of the seventeenth embodiment 
has a high durability. 

As described above, according to the seventeenth 

15 embodiment, because the topography of the surface of each 
photomask is flat, the phase control can be easily performed, 
so that the contrast of an optical image can be increased. That 
is, as shown in FIG.23B to FIG.23D, and FIG.23F, because the 
difference of the step at the shifter section is smaller in 

20 height, the effect of a wave guide is relaxed, and the difference 
between the shifter section and the transparent section is 
decreased. For excunple, when semiconductor integrated circuits 
are manufactured by using the photomasks of the seventeenth 
embodiment, it is possible to increase the performance of the 

25 image formation. In addition, it is possible to form the 
photomask having a high durability to the mechanical stress 
caused by the brush 41 (see FIG. 7 A) during the washing process 
because the topography of the surface of each photomask is more 
flat when comparing with each of the photomasks shown in FIG . 23A, 

30 FIG.23E, FIG.23G, and FIG.23H. 
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Eighteenth embodiment. 

FIG. 24 is a diagram showing a projection exposure 
apparatus (or a step and repeat exposure apparatus) to be used 
5 for fabricating semiconductor integrated circuits such as a 
liquid crystal display device by using the photomasks of the 
present invention. In FIG. 24, the reference number 215 
designates one of the photomasks of the present invention, 216 
designates a wafer to be used during the semiconductor 

10 manufacturing process for manufacturing semiconductor 
integrated circuits, and 217 denotes a resist film coated on 
the wafer 216. The projection exposure apparatus shown in FIG. 24 
is used for the manufacturing process of the semiconductor 
integrated circuits . 

15 Next, a description will be given of the operation of the 

projection exposure apparatus shown in FIG. 24. 

When semiconductor integrated circuits such as liquid 
crystal display devices are manufactured by using the photomask 
215 of the present invention, the photomask 215 is placed in 

20 the projection exposure apparatus shown in FIG. 24. Then, the 
resist film 217 is coated on the wafer 216. 

Next, a light source generates and radiates a radiation 
ray such as a monochromatic ray, an electron beam, a laser beam, 
or a X ray on the photomask 215 through lenses. Thereby, the 

25 pattern of the photomask 215 is printed on the resist 217 coated 
on the wafer 216. After this exposure process of the wafer 216, 
the developing process, the etching process, and the 
elimination process of the photo resist are performed in order. 
It is possible to repeat these processes if required. Finally, 

30 the desired semiconductor integrated circuits are fabricated. 
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As described above, according to the eighteenth 
embodiment, the photomask 215 having a high quality that is free 
from defects of the shade pattern, as one of the photomasks 
obtained by the first to seventeenth embodiments, is placed in 
5 the projection exposure apparatus shown in FIG. 24 and then 
exposed under the radiation ray such as a monochromatic ray, 
an electron beam, a laser beam, or a X ray generated by the light 
source in order to fabricate the semiconductor integrated 
circuit such as the liquid crystal display and other devices. 

10 Therefore it is possible to increase the phase control of the 
photomask and also to increase the contrast of the optical image 
on the resist film 217 on the wafer 216. This features causes 
to increase the yield of the semiconductor integrated circuits 
with a high quality. 

15 As described above in detail, according to the present 

invention, each of the photomasks of the present invention has 
the configuration in which the shade pattern is formed in the 
hollow section in the transparent substrate such as the 
transparent glass substrate, and the surface of the shade 

20 pattern and the surface of the transparent glass substrate are 
formed on a same plane. Therefore the topography of the 
photomask is flat. That is, a complicated surface is formed on 
the photomask, not like the conventional photomask. This 
configuration of the photomask of the present invention has a 

25 high durability to the mechanical stress caused in the chemical 
and mechanical polishing during the washing process. This 
causes to fabricate the photomask with a high quality that is 
free from the defect of the shade pattern. To use the photomask 
of the present invention for manufacturing semiconductor 

30 integrated circuits such as liquid crystal displays and so on 
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can increases the yield of the semiconductor integrated 
circuits • 

In addition, in the photomasks according to the present 
invention, many kinds of the phase shift patterns in the 
5 photomasks in which the phase shift pattern has a unique 
thickness and the surface of the phase shift pattern is flat 
are formed. It is therefore possible to fabricate the photomask 
in which no shade section is formed in the boundary section 
between the phase shift pattern and the transparent glass 

10 section and no phase defect is formed at the boundary section. 
In addition, the difference of the step at the shifter section 
is smaller in height, the effect of a wave guide is reduced, 
and the difference between the shifter section and the 
transparent section is decreased. For example, when 

15 semiconductor integrated circuits are manufactured by using the 
photomasks of the present invention, it is possible to increase 
the performance of the image formation. In addition, it is 
possible to form the photomask having a high durability to the 
mechanical stress caused by the brush during the washing process 

20 because the topography of the surface of the photomask is flat 
when comparing with the conventional one . Therefore it is 
possible to increase the yield of semiconductor integrated 
circuits manufactured by using the photomask of the present 
invention because the function of the phase control can be 

25 increased and the contrast of the optical image can also be 
increased. 

While the above provides a full and complete disclosure 
of the preferred embodiments of the present invention, various 
modifications, alternate constructions and equivalents may be 
30 employed without departing from the scope of the invention. 
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Therefore the above description and illustration should not be 
construed as limiting the scope of the invention,, which is 
defined by the appended claims. 
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WHAT IS CLAIMED IS: 

1. A photomask comprising: 
a transparent substrate; 

5 a hollow section formed on a surface of said transparent 

substrate ; 

a shade pattern including a shade section, said shade 
section made up of a shade film and formed in said hollow section; 
and 

10 reflection preventing sections, each formed according to 

one of cases : 

each reflection preventing section formed on said 

shade section; 

each reflection preventing section formed under 
15 said shade section; and 

each reflection preventing section formed on and 
under said shade section. 

2. A photomask comprising: 
20 a transparent substrate; 

a shade pattern formed on said surface of said transparent 
substrate ; and 

a phase shift pattern selectively foirmed on said shade 
pattern and said transparent substrate, 
25 wherein a surface of said phase shift pattern is flat. 

3. A photomask according to claim 2, wherein an end section 
of said phase shift pattern that is contacted to said 
transparent substrate has a sloped shape that is gradually thin. 
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4. A photomask according to claim 2, wherein a difference 
of a step between said phase shift pattern and said transparent 
substrate at said end section of said phase shift pattern that 
is contacted to said transparent substrate is gradually small. 

5 

5. A photomask comprising: 
a transparent substrate; 

a hollow section formed on a surface of said transparent 
substrate ; 

10 a shade pattern made up of a shade film, said shade film 

formed in said hollow section; and 

a phase shift pattern, whose surface is flat, selectively 
formed on said transparent substrate having said shade pattern 
formed in said hollow section, 

15 

6 . A photomask according to claim 5 , wherein a thickness of 
an end section of said phase shift pattern contacted to said 
transparent substrate is gradually thin. 

20 7 . A photomask comprising: 
a transparent substrate; 

a hollow section formed on a surface of said transparent 
substrate ; 

a shade pattern made up of a shade film, said shade film 
25 formed in said hollow section; and 

a phase shift pattern formed on said transparent 
substrate including said shade pattern formed in said hollow 
section. 

30 8. A photomask according to claim 7, wherein an end section 
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of said phase shift pattern that is contacted to said 
transparent substrate has a sloped shape that is gradually thin, 

9 . A photomask according to claim 2 , wherein said phase shift 
pattern includes a phase shift pattern of a Levenson's type. 

10 . A photomask according to claim 2 , wherein said phase shift 
pattern includes a phase shift pattern of an auxiliary shifter 
type. 

11 . A photomask according to claim 2 , wherein said phase shift 
pattern includes a phase shift pattern of an edge highlighting 
type. 

12 . A photomask according to claim 2 , wherein said phase shift 
pattern includes a phase shift pattern of a half tone type. 

13 . A photomask according to claim 2 , wherein said phase shift 
pattern includes a phase shift pattern of a half tone type with 
a shade pattern. 

14 . A photomask according to claim 2 , wherein said phase shift 
pattern includes a phase shift pattern of a shifter shading type 
with a shade pattern. 

15 . A photomask according to claim 2 , wherein said phase shift 
pattern includes a phase shift pattern of an intermediate phase 
type. 



16. A photomask fabrication method comprising the steps of: 
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forming a resist film on a transparent substrate; 

forming a desired pattern on said resist film by 
developing said resist film after said resist film is 
selectively exposing by using a radiation ray; 
5 forming hollow sections in said transparent substrate by 

selectively etching said transparent substrate by using said 
resist film as a mask; 

eliminating said resist film from said transparent 
substrate; 

10 forming a first reflection preventing film in each of 

said hollow sections; 

forming a shade film on said first reflection preventing 
film formed in each of said hollow sections; 

forming a shade pattern by performing a chemical and 
15 mechanical polishing for said shade film; and 

forming a second reflection preventing film on said shade 
pattern ; 

wherein said processes for forming said first reflection 
preventing process and said second reflection preventing 
20 process are performed selectively • 

17. A photomask fabrication method comprising the steps of: 
forming a shade pattern on a transparent substrate ; 
coating a phase shift film on both said transparent 
25 substrate and said shade pattern; 

forming a phase shift pattern by selectively etching said 
phase shift film by using a radiation ray; and 

performing a chemical and mechanical polishing for a 
surface of said phase shift pattern in order to form said phase 
30 shift pattern having a desired thickness. 
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18. A photomask fabrication method according to claim 17, 
after the step of forming said phase shift pattern, further 
comprises the steps of: 

5 selectively etching said phase shift pattern by using 

said radiation ray; and 

performing said chemical and mechanical polishing for 
said surface of said phase shift pattern that has been etched 
in order to form said phase shift pattern having a desired 
10 thickness and a flat surface, 

19, A photomask fabrication method according to claim 17, 
after the step of forming said shade pattern on said transparent 
substrate, further comprises the steps of: 

15 forming a resist film on said shade pattern; 

forming a resist pattern by selectively etching said 
resist film by using said radiation ray; 

selectively etching said transparent substrate by using 
said resist pattern as a mask; 
20 eliminating said resist pattern from said transparent 

substrate ; and 

performing said chemical and mechanical polishing for 
said surface of said phase shift pattern. 

25 20. A photomask fabrication method comprising the steps of: 
forming a resist film on a transparent substrate; 
forming a desired pattern on said resist film by 
developing said resist film after said resist film is 
selectively exposed by using a radiation ray; 
30 forming hollow sections in said transparent substrate by 
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selectively etching said transparent substrate by using said 
resist film as a mask; 

eliminating said resist film from said transparent 
substrate ; 

5 forming a shade film in each of said hollow sections; 

performing a chemical and mechanical polishing for said 
shade film in order to form a shade pattern; 

forming a phase shift film on said transparent substrate; 

and 

10 forming a phase shift pattern by selectively etching said 

phase shift film by using said radiation ray* 

21. A photomask fabrication method according to claim 20, 
after the step of forming said phase shift pattern by 
15 selectively etching said phase shift film by using said 
radiation ray, further comprises the step of: 

performing said chemical and mechanical polishing for 
said phase shift pattern formed on said transparent substrate. 

20 22, A photomask fabrication method comprising the steps of: 
forming a resist film on a transparent substrate; 
forming a desired pattern on said resist film by 

developing said resist film after said resist film is 

selectively exposed by using a radiation ray; 
25 forming hollow sections in said transparent substrate by 

selectively etching said transparent substrate by using said 

resist film as a mask; 

eliminating said resist film from said transparent 

substrate; 

30 forming a shade film in each of said hollow sections; 
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performing a chemical and mechanical polishing for said 
shade film in order to form a shade pattern; 

forming a resist film on said transparent substrate in 
which said shade pattern has been formed; 
5 selectively etching said resist film by using said 

radiation ray; and 

selectively etching said transparent substrate • 

23. A photomask fabrication method according to claim 22, 
10 after the step of selectively etching said transparent 

substrate by using said radiation ray, further comprises the 
step of: 

performing said chemical and mechanical polishing for 
said transparent substrate. 

15 

24. A photomask fabrication method according to claim 16, 
wherein one of an electron beam, a laser beam, and a 
monochromatic beam is used as said radiation ray. 

20 25 . A fabrication method of semiconductor integrated 
circuits such as a liquid crystal display, wherein said 
photomask according to claim 1 is used. 

26. A fabrication method of semiconductor integrated 
25 circuits such as a liquid crystal display, wherein said 
photomask fabrication method according to claim 16 is included. 
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ABSTRACT OF THE DISCLOSURE 

A photomask fabricated by a photomask fabrication method 
has a transparent substrate (10), a shade pattern (11) formed 
in a hollow section (23) , and a phase shift pattern (102) having 
a flat surface that is selectively formed on the transparent 
substrate (10) and the shield pattern (11). 
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Peter H. Smolka 


15,913 


Robert G. Mukai 


28,531 


Robert S. Swecker 


19,885 


George A. Hovanec, Jr. 


28,223 


Platon N. Mandros 


22,124 


James A. LaBane 


28,632 


Benton S. Duffett, Jr. 


22,030 


E. Joseph Gess 


28,510 


Joseph R- Magnone 


24,239 


R. Danny Huntington 


27,903 


Norman H. Stepno 


22,716 


Eric H. Weisblatt 


30,505 


Ronald L. Grudziecki 


24,970 


James W. Peterson 


26,057 


Frederick G. Michaud^ Jr. 


26.003 


Teresa Stanek Rea 


30,427 


Alan E. Kopecki 


25,813 


Robert E. Krebs 


25,885 


Regis E. Slutter 


26,999 


Robert M. Schulman 


31,196 


Samuel C. Miller, m 


27,360 







William C. Rowland 30,888 

T. Gene Dillahunty 25,423 

Anthony W. Shaw 30,104 

Patrick C. Keane 32,858 

Bruce J. Boggs, Jr. 32,344 

William H. Benz 25,952 

Peter K. Skiff 31,917 

Richard J, McGrath 29, 195 

Matthew L. Schneider 32,814 

Michael G. Savage 32,596 

Gerald F. Swiss 30,113 



Send Correspondence to: 

Platon N. Mandros 

Burns, Doane, Swecker & Mattos, l.l.p. 
P.O. Box 1404 

Alexandria, Virginia 22313-1404 



Direct Telephone Calls to: (name and telephone number) 

Platon N. Mandros 
703/836-6620 



Full name of sole or first inventor 
Kazuva KAMON 



Inventor's signature 



Date 

I^Tll 21, 1999 



Residence 

Tokyo, Japan 



Citizenship 
Japan 



Post Office Address 

c/o MITSUBISHI DENKI KABUSHIKI KAISHA, 



2-3, Marunouchi 2-chcme; Chiyoda-ku, 
Ibkvo 100-8310 Japan 



Full name of second joint inventor, if any 



Second Inventor's signature 



Date 



Residence 



mm 



Citizenship 



Post Office Address 



(^7*^ $ ^: li ^ tiUiS<75*I?I^S3*tCi<j' U T I^^S^t* (Supply similar information and i>ignature for third and sub- 

^^^Xfm^i^mt^Zto) ^^"^^ inventors.) 
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Form PTO-FB-265 (8-33) 



Patant and Trademark Offlc»-U.S. DEPARTMErfT OF COMMERCE 



